T h e last titled head of the clan, the last Earl of K ilm arnock, 'had the privilege of being executed on T o w er H ill in 1746, follow ing his indiscreet su p p o rt for the P re te n d e r'. J o h n 's father, Jo h n K nox Boyd, a bank agent w ho w orked at the Royal Bank of Scotland in Largs, was the son of a gardener. H is fa th e r's m other, w hose m aiden nam e was K nox, also belonged to an old A yrshire fam ily. H is m aternal g ran d fath er, Jo h n S m ith, died young and left his wife d estitu te w ith th ree children, the eldest, J o h n 's m other, only four years old. T h is g ran d m o th er (m aiden nam e E lizabeth H ouston), was an o u tstan d in g character, w ho scraped to g eth er enough m oney to buy the stock for a small shop. By th rift of a kind unknow n to the p resen t generatio n -every halfpenny accounted for-she was able to give her family a sound education and to start them off well in life. She held rigid P resbyterian principles b u t had a keen sense of h u m o u r. She ultim ately disposed of her shop and spent her latter years keeping house for her two o ther ch ild ren -J o h n 's uncle and au n t-n eith er of w hom m arried. T h e uncle was a p artn e r in a firm of stockbrokers and the au n t a m istress in the local school.
some years because there was no public tran sp o rt. H e was m ade A gent at an early age and rem ained in this post until he retired. He was a scholarly m an who read widely, and had n u m erous civic activities. He was B urgh T re a su re r and R uling E lder in the Free C h u rch for m any years and was the leading spirit of a local m ission. He was not narrow in his outlook; in his latter years he was know n as the 'G ran d O ld M a n ' and lived, beloved of all, until he was 78.
N one of John B oyd's forebears had any scientific leanings.
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E a r l y d a y s
J o h n 's first sixteen years were spent in his p aren ts' small house, called 'M ossbank', in Largs. T h ere was a fair sized garden, his fath e r's hobby, and the house was su rro u n d ed by fields and m eadow s w ith a farm , at w hich the family was always w elcom e, a few h u n d red yards away in one direction and the shores of the F irth of Clyde in the other. John loved the country and everything connected w ith it, and though there was never m uch m oney, always found plenty of interesting things to do-fishing, playing golf (from an earlier age than he could rem em ber), carpentry, m aking m odel yachts and photography. In w inter they were rath er isolated b u t he was a voracious reader and there were always books around. H is p arents were devoted to one another and he thoroughly enjoyed his harm onious hom e life. At the age of five he w ent to the local school, at w hich his aunt was a teacher-and this he found a disadvantage w ith the other children. H e was never m uch interested in school and did not do particularly well, som ew hat to his p aren ts' disappointm ent. T h ey regarded him as the dull m em ber of the family because J o h n 's two brothers, one older and one younger (who died at the age of twelve) were usually first in th eir classes. H e was given no scientific education w orthy of the nam e at school and won no scholarships or distinctions of any kind. But at the age of fifteen he m anaged to take the leaving certificates (w ith the exception of L atin) th at exem pted him from the m atriculation exam inations.
H e w ent to his fath e r's bank for six m onths and studied at night for the m atriculation exam ination in L atin. H e scraped th ro u g h in A pril 1908, and qualified to receive the benefits of the C arnegie T ru s t, w hich paid all essential class fees at G lasgow U niversity. John repaid all these fees in full w ith his first savings from his pay w hen he joined the A rm y in 1914.
H e en tered G lasgow U n iv ersity in 1908, aged \1 \. H is first session was not very successful b u t the follow ing w in ter, he cam e u n d er th e influence of S ir Jo h n G rah am K err, F .R .S ., at th a t tim e P rofessor of Zoology, and, quite suddenly, found his feet and began to p u t the sam e en th u siasm into his studies th a t he used to p u t into his hobbies. F ro m then onw ards he was on top and won the class prize or m edal in m ost of his classes. H e fell deeply u n d e r the spell of S ir R o b ert M u ir, F .R .S ., and of C arl B row ning, F .R .S ., w ho ta u g h t him bacteriology. Like m any o th er stu d en ts of the day he adm ired, b u t fell foul of S ir W illiam M acew en, F .R .S . H e learnt m uch from Sam son G em m ell and from Jo h n C ow an, w hose house physician he becam e w hen he g rad u ated . H e was aw arded the Jo h n P aterso n B ursary of £ 2 0 a year ('a godsend in those d ay s') for having the highest aggregate of m arks in the first tw o professional exam inations. H e g rad u ated M .B ., C h.B w ith h o n o u rs in A pril 1913 and was aw arded the B ru n to n M em orial Prize (a cheque for £ 10) as the m ost distin g u ish ed g rad u ate of the year.
H e d eterm in ed to be self-su p p o rtin g . As house surgeon and house physician he had free b oard and lodging and he lived for a year on his £ 1 0 prize and an o th er £ 4 he had som ehow or o th er accum ulated in the Post Office Savings Bank. H is first ap p o in tm en t was as house surgeon in the gynaecological d ep artm en t of the G lasgow Royal Infirm ary. T h e old b u ild in g was then u n d erg o in g reco n stru ctio n and the gynaecological w ard and th eatre, housed in the only rem aining block, w ere in fact the w ard and th eatre w here L ister had carried out his early antiseptic surgery. In the w in ter of 1913-14 Jo h n was house physician to John Cow an, then regarded as a leading cardiologist in Scotland, and u n d er him received a very th o ro u g h g ro u n d in g in clinical m edicine. R esidents in those days w orked hard, often for 12 to 16 hours a day. A m ong J o h n 's fellow residents was O sb o rn e H en ry M avor (Jam es B ridie the playw right).
In A pril 1914, follow ing the custom of the tim e, Jo h n secured an ap p o in tm en t as a s h ip 's surgeon, in ten d in g to relax for six m onths before retu rn in g to the Infirm ary as house surgeon. T h e voyage to R angoon and back-th ro u g h the m onsoon on the retu rn jo u rn ey -in a small 3500 ton cargo-passenger ship he tho ro u g h ly enjoyed. H e arrived back in G lasgow on 26 July 1914 w ith no real idea of the storm th at was brew ing. O n 4 A ugust w ar was declared and he im m ediately applied to the W ar Office for a com m ission in the Royal A rm y M edical C orps. the division was heavily involved in the two battles for H ill 60 and in the first gas attack, in w hich the G erm ans used chlorine from cylinders. T h is was directed chiefly against the C anadians on the left, b u t caused a few casualties in J o h n 's division. H e was appointed 'gas officer' for his brigade, sent out of the line to P operinghe, and w ith the help of a F ren ch in terp reter and some w om en from the neighbourhood, set to w ork sewing pads of gauze into long strips of net veiling. T h e pads were d ipped into a solution of sodium thiosulphate and allowed to dry. F or use, the pads were placed over the m o u th and nostrils and fixed by tying the veiling strips behind the neck. W hen properly applied these prim itive respirators protected the lungs from chlorine, b u t left the eyes exposed.
In the early m onths of 1915 the w orst enem y was the m ud of F landers. In the front trenches m en often had to stand for hours thig h -d eep in bitterly cold m ud and there were m ore casualties from 'tren ch fo o t' than from enem y gunfire. F or obvious reasons the Field A m bulances were stationed behind the Y pres salient and each night w hen darkness fell, the stretch er-b earer section on duty had to make its way th ro u g h the b o ttle neck of the tow n of Y pres, u nder in term itten t shell-fire, thro u g h the M enin gate and some distance along the M enin road, to the Regim ental Aid Posts a few miles off the road.
In M ay 1915 the 27th D ivision, reduced in strength from 20 000 to about 4000 m en, was transferred from Y pres to A rm entieres to be refitted and reinforced. A fter a fu rth er transfer to the Som m e, at th at tim e one of the m ore peaceful sections of the front, the D ivision was despatched to Salonika.
In the sum m er of 1916 John becam e M edical Officer to the D ivisional Engineers and in this capacity trekked widely th ro u g h M acedonia, m aking his first acquaintance w ith m alaria and bacillary dysentery, bo th of w hich reached epidem ic proportions. In the au tu m n he was selected for training in bacteriology and was transferred to the Base L aboratory under F. W. T w o rt (later F .R .S .), who was distinguished for his work on bacteriophage. T w o rt was soon replaced by L. S. D udgeon of St T h o m a s's H ospital, who provided a th orough training.
In the spring of 1917 John Boyd found him self at the V ardar front, in charge of a M obile L aboratory. H ere he gained unique clinical and laboratory experience of m alaria and bacillary dysentery. T h e m alaria was very severe, some of the victim s dying w ithin 24 hours of the first appearance of sym ptom s. At th at tim e it was the practice to give quinine by the intram uscular route, b u t u nder field conditions such injections frequently produced m uscle necrosis and abscesses. Intravenous in jection was considered dangerous and, w hen the quinine was given as recom m ended, in a 10 ml dose containing 10 grains, it undoubtedly was. In collaboration w ith the physician in charge of the m alaria w ard, John im provised a m ethod of giving a dilute solution very slowly, using the apparatus then provided in the A rm y for adm inistering '606' (arsphenam ine) for the trea tm e n t of syphilis. W ith this tech n iq u e (w hich is essentially the one still in use today) they got excellent results, even in cerebral cases adm itted in a com atose condition. Every type of co m plication was seen-cerebral, gastric and h epatic (w ith acute bilious vom iting), renal (w ith h aem aturia), dysen teric (w ith liquid, bloody stools devoid of the m ucus ch aracteristic of bacillary dysentery) and 'p seu d o a p p en d icitis'. It becam e stan d ard practice to exam ine a blood sm ear for m alaria parasites before o p eratin g for ap p end icitis on p atien ts w ith acute abdom inal signs.
Bacillary dysentery was also rife, and thanks to the en th u siasm of an excellent w ard orderly, specim ens arrived at the laboratory steam ing hot, and the percentage of isolations was high.
Severe dysentery in G allipoli had been attrib u te d to Entamoeba histolytica and Joh n was constantly on the lookout for am oebae, b u t found none. As a result of these ro u tin e exam inations, he concluded th at a provisional diagnosis of bacillary d ysentery could be m ade from the m icroscopic characteristics of the m ucus exudate. In Ju n e 1917, C. M . W enyon (later F .R .S .), then C o n su ltin g M alariologist to the B ritish Salonika A rm y, cam e to w ork in the V ard ar sector and shared a small laboratory h u t w ith Jo h n . H e had recently com e from C airo, w here he had been sent to investigate the so-called am oebic dysentery of the G allipoli cam paign, and had p ro d u ced convincing evidence th at it was bacillary and not am oebic. H e had reached the same conclusion as B o y d -th a t w ith certain obvious b u t rare reservations, a diagnosis of bacillary dysentery could be m ade from the characteristics of the m ucus in the stools. T h is is now generally accepted.
As a result of his train in g in S cottish H ospitals, Jo h n was an ex p ert in anaesthetizing w ith open chloroform ; the m ethod found acceptance w ith the surgeons in the C asualty C learing Station to w hich he was attached because of the rapidity w ith w hich the p atien ts 'w ent u n d e r'. D u rin g the rare b attles of the Salonika cam paign he becam e a full-tim e anaesthetist.
F ro m the M obile L ab o rato ry , he was tran sferred to a G eneral H ospital in Salonika as pathologist, b u t in S ep tem b er 1918, contracted 'Spanish Influenza'. A fter a prolonged and serious illness, he was invalided hom e in D ecem ber. In the same year, at St P a u l's C h u rch , Salonika, he had m arried Elizabeth Edgar, w hose father, related to the B order fam ily of A rm strong, had been a stationm aster.
J o h n 's next ap p o in tm en t was as pathologist to the Venereal D iseases H ospital of the Irish C om m and, then in the old G arrison A rtillery barracks on Spike Island in Cork H arb o u r. T h e re he gained experience of syphilis as it is seldom seen now adays, of the W asserm an test and related subjects. E xperim ental w ork on the W asserm an test and gonococcal vaccine therapy form ed the subject of his first p ublished papers. But his experiences in M acedonia had given him a deep interest in tropical m edicine, and in ord er to pu rsu e this career, he applied for and was given a regular com m ission in the R .A .M .C . T h is step cancelled all of his p re war plans of becom ing a physician in Scotland, b u t he never regretted it.
T h e R .A .M .C .-M il l b a n k a n d I n d i a In 1920 he was detailed for a short to u r of India, w here he had charge, first of a Brigade L aboratory in N asirabad in R ajputana, and later of a D istrict L aboratory in M how , C entral Provinces. H e gained fu rth er experience of tropical disease and was im pressed by the dire con sequences of bacillary dysentery in infants, who som etim es died w ithin 12 hours of the appearance of sym ptom s. T h ere w ere no air-conditioning, refrigeration, ice, transfusion facilities or specific rem edies. H e retu rn ed hom e early in 1923 and was posted to the Royal A rm y M edical College in M illbank, w here he was first D em o n strato r and later A ssistant Professor of Pathology. In 1924 he passed the Special C ourse in Pathology w ith D istinction and the 28th Senior Officers C ourse, w ith D istinctions in pathology, hygiene and m edicine, and first in o rder of m erit. An essay on the P rinciples of the prophylaxis of m alaria, w ritten u n d er a pseudonym , won him the Parkes M em orial M edal in 1923-'a very welcome £15 in those days of relative p e n u ry '. In 1924 he also passed the exam inations for the D iplom a in Public H ealth and the D iplom a in T ro p ical M edicine and H ygiene, both of C am bridge U niversity. H e acquired a useful know ledge of hum an parasitology, together w ith all the techniques available for the study of m icrobiology and pathology in the tropics.
H e retu rn ed to India in 1929 and spent the next three years in charge of laboratories, first in Bangalore and then in Poona; he had been prom oted to the rank of M ajor in 1926. D u rin g this tim e, he m ade the first im p o rtan t scientific co n trib u tio n of his early service. H e m ade a detailed study of the dysenteries, reclassified the causative organism s, described new strains and settled the laboratory diagnosis.
Classification of the dysentery bacilli
John B oyd's retu rn to In d ia coincided w ith the last phase of a battle waged by his predecessor, M ajor J. A. M anifold, against the 'am oebic school'. Shortly after W orld W ar I, the old heresy had again raised its head and the m ajority of cases of dysentery (diarrhoea w ith stools containing blood and m ucus) was being attrib u ted to am oebic infections. Isolation and identification of a dysentery bacillus was laborious and difficult, w hereas it was easy to look dow n a m icroscope and m istake the first m acrophage seen for Entamoeba histolytica. M anifold had fought for and obtained well equipped bacteriological laboratories and R .A .M . College trained pathologists and technicians, and the tide then turned. Am oebic dysentery as a diagnosis fell to low figures, while bacillary dysentery soared. B ut th ere was a problem . At that tim e A ndrew es's classification of the F lex n er (m an n ito l-ferm en tin g ) dysentery bacilli was accepted; he had identified five types, V, W , X, Y, Z, each having its own specific antigen and a varying q u o ta of the specific antigens of the o th er four. T h is com plex stru c tu re was d educed from the overlap revealed in ag glutination tests carried o u t w ith antisera p rep ared from these five strains, and th e overlap was such th a t it was often difficult to decide to w hich type a new ly isolated agglutinable strain belonged. Also, m ore than half of the dysentery bacilli w ith the biochem ical reactions of the F lexner g roup failed to agglutinate w ith the stan d ard antisera and had to be rep o rte d as 'inagglutinable F lex n er gro u p bacilli'. T h e h ard core of the dw in d lin g 'am oebic sch o o l' argued th at these were not tru e d y sentry bacilli. H ow ever, the bacillary school was encouraged by a strange p h en o m en o n observed in several laboratories, th at the occasional 'in a g g lu tin ab le' strain, w hen repeatedly su b cu ltu red , suddenly becam e highly agglutinable.
Boyd arran g ed w ith colleagues w orking in o th er large m ilitary labora tories th at they should send him su b cu ltu res of any inagglutinable 'flexners' they found and, w ith his ow n isolations, soon had a collection of m ore than 200 strains. A ntisera w ere p rep ared from a random selection, and the entire collection of 'in ag g lu tin ab les' was tested against these antisera. T h is enabled a few types to be identified, and the sum of the strains th a t fell into these types am o u n ted to a sizeable p ro p o rtio n of the w hole. By repeating th e process, every strain in the collection, except for those show n to be rough, was identified as a recognizable serological type. T h e antisera fell into tw o groups: one w hich agglutinated the A ndrew es V, W , X , Y and Z strains to a lim ited extent, and one th at did not. T h e discovery w hich m ade clear the difference betw een the two groups, and w hich revealed the way in w hich inagglutinable strains becam e agglutinable cam e q u ite unexpectedly, and is best told in John B oyd's ow n w ords:
'O n one occasion w hen exam ining a plate from an inagglutinable strain w hich had been su b cu ltu red m any tim es, two types of colony w ere observed, one sm all, sm ooth, ro u n d and clear (the typical appearance of a flexner colony) the o thers larger, m ore opaque, and " ro u g h " looking. F u rth e r investigation show ed th at the small clear colony had the characters of the p aren t cu ltu re and was in ag g lu tin able, w hereas the rough-looking colony was readily agglutinated by all the antisera of the A ndrew es types. A fter a good deal of speculation and ex p erim entation, it becam e clear th at the rough colony was a degraded m u tan t of the original, and th at the d e gradation consisted in the loss of a specific surface antigen. An a n ti serum p rep ared from the original sm ooth strain agglutinated both sm ooth and rough, w hereas an antiserum from the rough strain agglutinated the rough organism to a high titre, b u t had little or no action on the sm ooth strain. By absorbing a sm ooth antiserum w ith the rough organism , the rough antibody was rem oved and a specific antiserum , w hich could be used for the precise identification of the type, rem ained. F u rth e r experim ent showed th at the rough antigen was a group antigen com m on to all flexner types (later work uncovered a partial variant of this group antigen) and by absorption techniques, specific antisera for these types could be prepared. H ow ever, some of the original inagglutinable strains (the second group already m entioned) did not possess this group antigen, though each had its specific surface antigen. T h is p ro p erty was used to separate the m annitol ferm enters into two groups: those w ith specific + non-specific antigen rem ained those lacking the non-specific antigen subsequently w ere nam ed hoydii (but not by me). T h is classification has stood the test of tim e. N o new flexneri have come to light. A few m ore hoydii have been described b u t only one has occurred in any num bers. 1 his w ork was spread over some years, being in terru p ted by a four-year app o in tm en t to A rm y H ead q u arters in India, b u t was finally com pleted in 1938 after I had retu rn ed to the R .A .M . College.
'A sim ilar degradation was found in the organism then know n as B. dysenteriae s c h m i t z , described durin g the first w ar in R oum ania by Schm itz. In India we found strains giving the biochem ical reactions of schm itz b u t inagglutinable w ith serum prep ared from stock strains of schm itz from the N ational C ollection of I ype C ultures. H ow ever, antisera prepared from the Indian strain agglutinated both the hom ologous organism and, to a m uch higher titre, the stock strain from the N ational Collection of T y p e C ultures. A bsorption tests confirm ed that the stock strains had undergone degradation, and contained only an antigen corresponding to, b u t different from , the flexner group antigen, w hereas the newly isolated strains contained both specific and group an tig en .'
In 1932, John Boyd was appointed A ssistant D irector of H ygiene and Pathology at A rm y H ead q u arters in Simla. H e spent four years there and, although he had little o p p o rtu n ity for laboratory work, found m any interesting things to do. At th at tim e, Col. John Sinton (later F .R .S .) was in charge of the IVlalana 1 reatm ent C entre in K asauli, near Simla, and in cooperation w ith A rm y H ead q u arters was experim enting w ith the new synthetic antim alarials, pam aquin (Plasm oquine) and m epacrine (A tebrin) T h ey proved conclusively th at pam aquin, though inferior to quinine and m epacrine in the treatm en t of the acute malarial attack, bro u g h t about the radical cure of Plasmodium viva x infections w hen given along w ith, or im m ediately following, quinine or m epacrine. O n the strength of these observations, they predicted the existence of a phase in the life cycle of P. vivax, h ith erto unrecognized, w hich was the cause of late relapses and was capable of resisting q u in in e trea tm e n t, b u t su s ceptible to pam aqu in . Som e tw elve years later, H . E. S h o rtt, N . H. Fairley and P. C. C. G arn h am (all F .R .S .) discovered the exoerythrocytic cycle of P. v iv a x in th e liver. T h e validity of the K asauli observations was vigorously challenged by the M alaria C om m ittee of the H ealth O rg an i zation of the U n ite d N atio n s th at m et in 1933 u n d er Col. S. P. Jam es, F .R .S ., b u t the action of p am aq u in has since been am ply confirm ed. E xcept in India, the d ru g was little used until the K orean w ar, w hen the related 8 -am inoquin o lin e co m p o u n d , p rim aq u in e, was used in all troops re tu rn in g to the U .S .A . for the radical cure of P. viva x m alaria.
F evers of the ty p h u s g ro u p w ere by no m eans uncom m on in India, and th ere was confusion ab o u t the type and the vector. S ir Jo h n M egaw , the b rillia n t D .G ., I.M .S ., had been b itten on the neck by a tick in 1916, follow ing w hich he developed typical ty p h u s fever, and from this well publicised event there arose a stro n g tendency to label all sim ilar fevers 'tick ty p h u s '. Boyd was able to confirm w hat was already begining to be suspected, th at m ost of the ty p h u s occu rrin g in the H im alayan foothills was sim ilar to the scrub ty p h u s of M alaya and tran sm itted by m ites, th at the ty p h u s of the D eccan was flea-borne, and th at very few cases w ere tick -b o rn e. T h is he achieved by using the only diagnostic p ro ced u re then available, a W eil-F elix type of ag g lutination test. T h re e Proteus su sp en sions w ere used-0 X 2 , 0 X 1 9 and O X K , and by analysing the results from a large n u m b e r of cases and correlatin g the findings w ith the epidem iological p ictu re, it was possible to differentiate the types.
Jo h n Boyd loved India. H e travelled w idely, enjoyed him self im m ensely and m ade full use of the u n iq u e o p p o rtu n ities th at the A rm y M edical service prov id ed for research in epidem iology and pathology. H e was an enthusiastic m o to rist and p h o to g rap h er; he played golf at every o p p o rtu n ity , on the m ost unlikely courses. H is diaries are full of fascinating stories of the B ritish Raj-of crossing snow bridges on holiday in K ashm ir, of atten d in g cerem onies and parties in th e palaces of M aharajahs and in Viceregal L odge in Sim la. H e loved w atching anim als and b ird s, and recorded in terestin g observations of a battle betw een flocks of m ynahs, of the snake b ird th at subm erges in w ater by 'ju s t sin k in g ', of feeding w ild boars in U d aip u r, and of a colony of wasps w hose d ep artu re gave w arning to the local staff of his own im m inent recall to B ritain. H e collected butterflies, he collected T u rco m an carpets, he m ade a record of his travels by taking stereoscopic p h o to g rap h s w hich he developed and p rin ted him self.
In 1936 he retu rn e d to M illbank and was p u t in charge of the Vaccine D ep artm en t. He found tim e to ro u n d off his work on the dysentery bacilli, w hich was m ade easier by the steady flow of newly isolated strains he continued to receive for identification from his m any friends in the A rm y in India. In 1937 he was aw arded the L eishm an M em orial M edal and Prize, and in 1938 was p rom oted L ieutenant-C olonel.
W o r l d W ar II
T h e possibility of war began to loom large and John, w ith his now wide experience of the havoc caused by disease in arm ies in the field, b o th in E urope and the tropics, tu rn ed his attention to problem s of im m unization. Ram on, w orking in the In stitu t P asteur in Paris, had shown that im m unization against tetan u s could be achieved by injections of form alized toxoid and had advocated the addition of tetanus toxoid to ty p h oid-paraty p h o id vaccine. T h e m anufacture of tetanus toxoid was outside the resources of the A rm y Vaccine D ep artm en t, of w hich John was now in charge, am ong o ther reasons because of the danger of w orking w ith a pathogenic anaerobe in laboratories engaged in m aking typhoid and other vaccines. John collaborated w ith R. A. O 'Brien and A. T . G lenny, F .R .S ., at the W ellcom e Physiological R esearch L aboratories in Beckenham and a satisfactory tetan u s toxoid was produced. It was also show n that the best antitoxin response was produced if two doses of toxoid were given, w ith a six week interval betw een. A uth o rity was obtained from the A d ju tan t-G en eral to offer active im m unization against tetanus to the officers and m en of the B ritish A rm y, and the bulk of the force that w ent over to France in 1939 was protected in this way. F ighting in the M iddle East produced convincing evidence of the value of the m easure and, w hen the invasion of N orm an d y cam e in 1944, alm ost all the troops taking part had been given tetanus toxoid at one tim e or another. By then, Jo h n Boyd was in a position to have an o rd er issued that everyone, irrespective of the date of his last injection, was to have a fu rth er 'b o o ster' dose. In the subsequent cam paign there were only six cases of tetanus, three of w hich, including the only fatality, had in com plete records and may not have been properly im m unised.
In 1938, an incident occurred th at provided the beginning for John B oyd's later w ork on bacteriophage. J. Craigie (later F .R .S .) described a m ethod of typing strains of typhoid bacilli by m eans of th eir reaction to a series of lytic phages. H e sent a set of his typing phages to W . M . Scott, then bacteriologist to the L ondon C ounty C ouncil. Scott had too m uch on hand to work w ith them and sent the set to Boyd. C raigie's findings were confirm ed and Boyd gave a dem onstration, the first in B ritain, to a laboratory m eeting of the Royal Society of T ropical M edicine and H ygiene, held at M illbank. T w o of those p resent who were interested, and took copious notes, were Sir (as he then was) Aldo Castellani and A. Felix (later F .R .S .). C astellani carried this no fu rth er, b u t Felix ultim ately devoted m ost of his tim e to bacteriophage typing.
T h e Vaccine D ep artm en t at the Royal A rm y M edical College was a small unit, w ith lim ited capability for production. W ith the obvious possibility of a E uropean w ar and the need for large stocks of typhoid vaccine, Boyd set about the task of preparing it. By 1939 he had accum ulated enough m aterial to make 500 litres. But this was not enough, and the accom m odation at M illb an k was cram p ed and v u lnerable to air attacks on L o n d o n .
It was decided to m ove to an em ergency location in the co u n try , and T id w o rth M ilitary H ospital was selected. T h e services of the Royal E ngineers w ere in heavy d em an d and perm ission was given for the em p lo y m en t of the firm of Baird and T atlo ck to m ake the necessary conversion of the set of room s offered by the Officer in C om m and. D avid B aird, the m anaging d irecto r, and Jo h n Boyd drew up the plans, the fu rn itu re and eq u ip m en t was p refab ricated in Baird and T a tlo c k 's w orkshops and w ork began at T id w o rth on 1 S ep tem b er 1939. O n the d eclaration of w ar, w hen the teaching fun ctio n s of M illbank w ere tem p o rarily suspend ed , Boyd was p erm itted to select the cream of the pathology d e p artm en t staff, all highly train ed , and w ith th em , m oved into th e new V accine L ab o rato ry at the end of S ep tem b er. T ec h n iq u es for m a ss-p ro d u ctio n w ere devised and adapted, and a steady supply of T .A .B . vaccine was b u ilt up. By arran g em en t w ith the H ygiene D e p a rt m en t of the W ar Office, inoculation was at first restricted to tro o p s likely to proceed overseas at an early date. T h is enabled every dem and for vaccine to be m et by re tu rn of p o st-a happy state of affairs th at co n tin u ed th ro u g h o u t the war; it never becam e necessary to buy vaccine from civilian sources, and Jo h n was very p ro u d of this. T h e re were at first difficulties in obtain in g supplies such as beef for m edium , bottles and ru b b e r caps, b u t once the necessary au th o rity was o btained (a high-level arran g em en t in the case of beef) they received regular consignm ents, even d u rin g the severe w in ter of 1939-40. W orking ho u rs were long and arduous, and no tim e was left for research, except into im proved m ethods of vaccine p roductio n .
In later years he freq u en tly crossed sw ords w ith Felix over the efficacy of the well established phenolised T A B vaccine favoured by Boyd and the alcoholised p ro d u ct advocated by F e lix --b u t they rem ained good friends. Boyd was pro b ab ly right.
The M iddle E ast-dysentery and malaria
W ith the entry of Italy into the w ar, John Boyd, now w ith the rank of C olonel, was appointed D ep u ty D irecto r of Pathology, M iddle East (the one and only Director functions at the W ar Office). H e w ent by sea in the Windsor Castle (w hich was torpedoed and sunk not long afterw ards) to C ape T o w n , by rail to D u rb an and then a fo ur-day flight by flying boat to C airo, stopping overnight at M ozam bique, K isu m u and K h arto u m . H e arrived in C airo on 11 A ugust 1940 and a fo rtn ig h t later was jo ined by Colonel H am ilton Fairley, A .A .M .C . (later Sir N eil H am ilton Fairley, F .R .S .) as consulting Physician to the A ustralian troops in the M iddle E ast Force. A t that tim e the B ritish A rm y had no consulting physician w ith experience in tropical m edicine and Fairley agreed to serve in that capacity. T h u s began a profitable and fruitful collaboration which continued until Fairley left for the Pacific early in 1942, and a deep friendship w hich never faded.
T h e two diseases m ost com m on in the M iddle East were, as usual, m alaria and dysentery. M alaria was not particularly im p o rtan t, b u t was still being treated w ith quinine. Boyd and Fairley introduced the new er m ethods w orked out in India, w ith good results. D ysentery was m ore im portant. Egyptian physicians were convinced that am oebic dysentery was w idespread, and their influence had contam inated some of the Service doctors. 'M icroscopical diagnosis was slipshod and inaccurate, bacteriological investigation inadequate and ineffective'. T h is was g rad u ally p u t right and before long the incidence of diagnosed am oebic dysentery fell to approxim ately the level at w hich it ran in India.
Bacillary dysentery was disturbing. M ost of it was trivial b u t a few cases of Shiga infection were of an extrem e severity and died despite the best treatm ent th at could be provided. T w o victim s were J o h n 's personal friends, a consulting surgeon who arrived a week after he did, and a m edical specialist at a general hospital. A h ig h -titre Shiga antitoxin (10 000 units/m l) had ju st arrived in Cairo: large doses produced im m ediate am elioration of sym ptom s and, in early cases gave an o p p o rtu n ity for the p a tien t's own defence m echanism s to get going and steady im provem ent ensued. But in established cases the im provem ent was transitory, the effect wore off in one or two days, toxin p roduction again w ent in full blast and the p atient resum ed his dow nhill progress. Some died w ithin a fortnight; others lingered for weeks.
T h e breakthrough came early in 1941. A m ong J o h n 's diverse duties was the organization of the blood transfusion service (of w hich m ore below), then in its infancy, and w orking u n d er him , in charge of the Base T ransfusion U n it was M ajor G ladw in A lbert H u rst B uttle. Before the war, B uttle had w orked at the W ellcom e L aboratories in B eckenham , and had been engaged in assaying the effects of newly synthesized sulphonam ide derivatives against pneum ococci, streptococci and staphylo cocci. By arrangem ent, he sent sam ples of the com pounds to E. K. M arshall, Professor of Pharm acology at Johns H opkins U niversity. M arshall had the idea that poorly absorbed sulphonam ides m ight be useful in the treatm en t of dysentery, and tested it on some children w ith m ild infections, using a sam ple of sulphaguanidine th at B uttle had sent him . T h e results were prom ising, and in response to a telegram from Buttle M arshall had five pounds of sulphaguanidine prepared and sent to Cairo. Buttle gave it to Boyd, who, w ith Fairley, was taking an active interest in the treatm en t of patients in the dysentery w ard of the m ilitary hospital; two of them were going steadily dow nhill. T hese were p u t on sulphaguanidine treatm en t and the result was dram atic. W ithin two days, the m en were sitting up, taking an interest in life, and asking for food. A fter a week they w anted to get up, and the bowel sym ptom s had entirely disappeared. Sigm oidoscopy revealed th a t the lesions had healed; one of the patien ts, w ho had been red u ced to a skeleton, p u t on 28 p o u n d s in two m o n th s. O th e r sulp h o n am id es w ere also effective in cu rin g dysenteric infections, b u t sulp h ag u an id in e, because of its p oor ab sorption, carried less risk of crystallizing o u t in the kidney tu b u les in the hot, dry clim ate of E gypt. T h e C asualty C learing S tatio n was free from cases in a few weeks. G ladw in B uttle w rites:
By this tim e the W ar Office had heard of the tran sactio n and Jo h n show ed m e a telegram w hich o rd ered him to in stru c t ju n io r officers not to get in touch w ith A m erican com m ercial firm s. H e said th a t in this case, the G eneral did n o t propose to take fu rth e r actio n .'
A t this tim e, Boyd th o u g h t th at it m ig h t be feasible to produce a dysentery vaccine, w hich w ould, of necessity have to be polyvalent in character. H e proposed to use a suspension of F lexner bacilli com bined w ith a Shiga toxoid, because a straig h t vaccine of Shiga organism s was know n to cause violent reactions. A b atch of Shiga toxoid for a pilot trial was prep ared and sent out by J. W . T rev an , F .R .S ., of the W ellcom e Physiological R esearch L aboratories. T h e m aterial arrived, apparently w ith o u t a covering letter; after w aiting several weeks for a letter th at did not com e, Boyd d eterm in ed to 'try it o u t cau tio u sly '. T w o guinea-pigs w ere inoculated, each w ith 1 ml in trap erito n eally , and show ed no reaction w hatsoever. H e then injected 0.5 ml into his own u p p er arm . N ext day th ere was no reaction of any kind and tw o technicians w ho volunteered w ere also given 0.5 ml. T h e re w ere no reactions and next day, two m ore volunteers w ere given 1.0 ml. T h re e days later after a long trip , visiting laboratories in the C anal Zone, J o h n 's arm began to ache and he felt decidedly u n d er the w eather. T h e first tw o volunteers were also develop ing a local reaction and the next m o rning, all five were suffering. In the evening, the two volunteers who had received 1.0 ml developed high tem p eratu res and w ere ad m itted to hospital w ith severe local and general reactions and acute sym ptom s of dysentery. F rom one, a Shiga-like organism was recovered. H is own arm was hard and swollen and his te m p eratu re was 100 °F. He had to give in and was taken to hospital for 10 days w ith his arm in plaster. All m ade a good recovery, b u t John retained a nodule at the site of inoculation all his life. T h e idea of pro d u cin g a dysentery vaccine was d ropped. T h e covering letter was eventually found, in the botto m of the box in w hich the bottles of toxoid were packed. It said that the 'to x o id ' was not fully toxoided, and w ould need fu rth e r treatm en t before it could be used.
John Boyd had taken w ith him to C airo a set of C raigie's phages (then less than 10 in n um b er) for typing typhoid bacilli, and he used them to locate the source and to follow the progress of the several outbreaks that afflicted the M iddle East Force. T h is was the first tim e th at the technique had been used on a large scale. B acteriophage also had a rep u tatio n in A lexandria for being effective in the treatm en t of intestinal infections, b u t a trial carried out by Boyd and Fairley in the dysentery w ard showed the favourite brand, m anufactured by a F rench firm , to be useless. T h is was later confirm ed by Boyd after the battle of A lam ein, w hen, am ong the m edical stores th at fell into his hands, was a large supply of th erapeutic bacteriophage of G erm an origin w hich was the recom m ended treatm en t for dysentery in the Afrika K orps. He carried out a large scale controlled field trial am ong the G erm an prisoners of war. T h e re was no evidence of specific action-and the medical officers am ong the prisoners shared the view that bacteriophage was useless in the treatm en t of dysentery.
John had m any fascinating stories to tell of the cam paigns in the N o rth A frican desert, and his diaries are full of them . O ne, related by M ajor-G eneral M . H. P. Sayers at the M em orial Service in O ctober 1981, was that w hen the line was very fluid, a m obile surgical unit, consisting of Ian A ird, his anaesthetist and operating room orderlies, was overrun by one of R om m el's roving colum ns. T h e u nit was not interfered w ith in any way, and w ent on operating. Soon, a G erm an field am bulance came and set up shop nearby. Friendly relations were established and the G erm ans were im pressed by our transfusion arrangem ents. A ird was using reco n stituted dried plasm a and was asked if he w ould give a transfusion to a severely w ounded G erm an 'G u n n e r' Colonel. L ater, R om m el him self arrived to enquire after the patient, who was a personal friend. By nightfall, the battle had m oved on; the u n it packed up and drove hom e.
A nother was of the tim e w hen, in the spring of 1941, senior staff were inform ed that the C om m ander in Chief, G eneral W avell, was planning to send a large force into M acedonia to counter the G erm an advance through the Balkans. T h e positions selected were know n to Boyd, from his experience in W orld W ar I, to be highly m alarious, and the tim ing of the operation coincided w ith the season of active transm ission. As it happened, Fairley had visited M acedonia several tim es in previous years and was able to corroborate B oyd's views. T h ey at once w rote a lengthy m em orandum pointing out the inevitable consequences of such a move. T h is was forw arded to W avell. Bacjk came a real snorter, in w hich they were told off in no uncertain term s for being defeatist and, crow ning insult, were asked if they were aware of the m arvellous success in preventing m alaria achieved by Castellani in A byssinia-w hich they knew to be bogus. F ortunately, the acting D irecto r of M edical Services was an old friend and a strong character, and asked them if they w ould like him to arrange an interview w ith the C .-in -C ., an offer th at they gladly accepted. N ext m orning they paraded in the C .-in -C .'s office and reiterated their views at length. At the end, after a period of silent thought, W avell's good eye tw inkled. 'W ell', he said, 'I see you know w hat you are talking ab o u t'. N ext day the file came back w ith, in his own handw riting, a recantation and an apology. T h e A rm y did not go to M acedonia.
The Blood Transfusion Service
A n o th er of John B oyd's responsibilities was th e organization of a blood tran sfu sio n service for the M id d le E ast F orce. H is success rep resen ts one of his m ajor achievem ents. H e selected a talen ted , resourceful team , m ostly from civilian jo b s, and ap p o in ted G ladw in B uttle (w hose huge, up ro ario u s, ju b ila n t laugh and u n iq u e personality are know n and loved in m any p arts of the w orld) as Officer in C om m and. H e gave him full rein. T h e h ead q u a rters of the A rm y T ran sfu sio n Service was in B ristol, u n d er the com m and of L ieu t.-C o l. (later S ir Lionel) W hitby. H u g h M a rrio tt and A lan K ekw ick had previously, at the M iddlesex H ospital, been responsible for the design and use of large d rip tran sfu sio n s, and they fought to get the eq u ip m en t and supplies they needed to b u ild an efficient service at Bristol. W hen told th ere was no estab lish m en t for stretch ers for the use of the blood collecting team s, K ekw ick o rd ered half a dozen am bulances, took out the stretch ers and sent the cars back. In the M iddle E ast F orce, B uttle and his team had soon reached the conclusion th at w hole blood was needed before surgery in battle w ounds w ith severe blood loss, and they co n trived w ith fantastic energy and enthusiasm , su p p o rted essentially by Boyd, to supply it. T h e ir aim was to adm in ister blood as soon as possible after m en w ere w ounded. Every C asualty C learing S tation was p rovided w ith a F ield T ran sfu sio n U n it and a lorry containing a refrigerato r for blood storage. A Base T ran sfu sio n U n it supplied blood, plasm a and glucose saline to the F ield U n its. Plasm a was given to patients in the am bulances th at evacuated them along the long lines of desert com m unications. C ountless lives were saved.
G ladw in B uttle w rites; 'In 1940 the W estern D esert Force was poorly supplied w ith m edical personnel and drugs. F o r m any m onths we had no bottles from E ngland and we used old gin bottles (locally available in great n um bers) and locally m ade corks. Blood had to be taken from m en in base units and we had team s to take blood all over the M iddle East F o rce'. S ir G o rd o n W olstenholm e, w ho took over from B uttle in T rip o li in m id-1943, notes th at those at the 'S harp e n d ' often found a bottle of precious w hisky am ong the blood and plasm a and saline sent forw ard from C airo. John B oyd's su p p o rt for the activities of this uno rth o d o x group of officers, described by Sir G o rd o n as 'highly irregular, u n es tablished and often illegal' was fundam ental. F ro m his long experience of A rm y bureaucracy he knew ju st how to untangle red tape-and if necessary, cut it-how to bend the rules and, w hen they w ere broken, how to pick up the pieces.
G . A. H . B uttle writes:
'H e was quite w onderful in getting the work done in spite of local difficulties and som etim es lack of cooperation by the au thorities in L o ndon. I could ask him about any difficulties and he always found the solution to the problem s. H e helped us to find suitable personnel from medical depots and m aterials from local sources. In the 1914-18 war I was a regular S apper Officer and I never had a com m anding officer who approached JS K in his extraordinarily generous help-he was really quite o u tsta n d in g '.
John Boyd, rem iniscing on these activities used to chuckle and say 'You know, it was m uch easier to give B uttle w hat he w anted straight away, than to be forced to do so a week or two later and have to apologise for the delay'. He firmly stood up for his units and parried all attem pts to interfere w ith their work. Back in Britain, W hitby, whose fame had been founded on plasm a, disapproved of transfusing whole blood u n d er battle conditions, although all of B u ttle's team were convinced, from experience, that it was essential both for saving life and for m aking possible the appropriate surgery. W hitby was taken severely to task by Boyd for perp etu atin g the m istaken view (with all its im plications for the Second F ront) th at it was not safe to give blood on the field.
T h e boundaries of 'M iddle E ast' continually expanded and Boyd ultim ately had u n d er his ju risd ictio n laboratories in Egypt, Libya, Cyrenaica, T rip o litan ia, M alta, C yprus, Palestine, L ebanon, Syria, Iraq, Iran, S udan and E ritrea. He m oved tirelessly (and hazardously) betw een them , ironing out their difficulties. At the peak of the period, before the 8th A rm y disappeared into Italy, there were some forty laboratories in all, w ith an excellent group of pathologists, M any of these m en, some young, some older, came from im p o rtan t civilian appointm ents and had excellent basic training. Few had any practical experience of the problem s of tropical and sub-tropical countries, b u t John Boyd had wide experience and had taugh t the subjects for m any years. H e gained th eir confidence and they becam e a happy family; they continued to m eet from tim e to tim e for long after the w ar, and dem onstrated th eir affection by p re senting John w ith his p o rtrait, painted by N orm an H epple, in 1962. T h is now hangs in the R .A .M .C . H ead q u arters M ess in M illbank.
The war in Europe
In N ovem ber 1943 John Boyd was unexpectedly sum m oned hom e, ostensibly to attend a conference on typhus, of w hich there had been num erous sporadic cases in the M iddle East, b u t in fact to take up the appointm ent of D ep u ty D irector of Pathology, 21 A rm y G roup. He joined the M edical H ead q u arters, housed in the buildings of the te m porarily defunct A rm y School of M usic in K neller Hall, beside the T w ickenham football ground in January 1944. H is duties were along the same lines as in the M iddle East-supervision of laboratories and laboratory diagnosis, organization of blood transfusion services and-a new item -control of penicillin treatm ent. He found that he had eight w ell-trained Field T ran sfu sio n U n its tem porarily attached to the A rm y Blood T ran sfu sio n D ep o t in B ristol b u t n o th in g th at co rresp o n d ed to the Base T ra n sfu sio n U n it th a t had been evolved in the M id d le East, and w hich has proved to be indispensable. As fighting was at an end in A frica, he insisted th a t N o. 1 Base T ran sfu sio n U n it w ith its experienced staff should be b ro u g h t hom e and posted to 21 A rm y G ro u p . H e carried his p o in t and in due course, B uttle arrived com plete w ith his U n it, and th ereafter, arrangem en ts for blood tran sfu sio n w ent sw im m ingly. Jo h n was d eterm in ed th at blood should be available for casualties on the beaches in N o rm an d y as soon as the advance force landed. T h e initial supply created no difficulty, as th e field u n its th a t accom panied the first wave carried supplies in th eir refrig erato r vans. T h e difficulty visualized was in replenishing the supplies, because he had some experience of sea b o rn e invasions and of the inevitable confusion of the first few days, w hen h arb o u rs w ere a m auling m ass of ships of all sorts and sizes. Jo h n visited W hale Island and talked to the S enior N aval Officer of the invasion force, w ho p roduced a solution w hich w orked w ith o u t a hitch. H e agreed to carry supplies of blood in the speed boat w hich took despatches twice daily betw een W hale Island and the H ead q u arters ship co n trolling all m ovem ents of ships off the F ren ch coast, and w hose position was know n to the S enior N aval Officer on the beach. Field T ran sfu sio n U n its contacted the S .N .O . and arranged for supplies to be collected from the H ead q u arters Ship. T h e overrid in g consideration was to keep the blood refrigerated. T h ey co n stru cted insulated boxes w ith a co m p artm en t for blood bottles and a co m p artm e n t for ice. Boxes w ere taken by refrig erato r van as req u ired from the B ristol D ep o t to W hale Island, and kept in the van until the despatch boat was due to start. It th u s took only a few h ours before the boxes were again in a refrig erato r in N o rm an d y , and the blood had been kept cold in the insulated boxes. Blood was available on the d oorstep th ro u g h o u t the w hole cam paign.
T h e invasion of N o rm an d y was the first occasion on w hich penicillin was used on a large scale in w ound surgery. John Boyd detailed one M obile Bacteriological L ab o rato ry to collaborate w ith a surgical specia list, w hose sole du ty was to appraise the results of different m ethods of penicillin adm inistratio n then in use by surgeons in advanced and base hospitals, and to inform the consulting surgeon (now L o rd P o rritt) of the findings. T h is com bined approach quickly led to the adoption of a stan d ard m ethod of treatm en t w hich revolutionized w ar (and all other) surgery.
Jo h n Boyd was recalled to H om e service in M arch 1945 and, after a fu rth e r spell of adm inistrative duty in E d in b u rg h , succeeded G eneral L. 
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Biographical Memoirs A bout one-half of the research effort of the laboratories was devoted to chem otherapeutic studies, the subjects u n d er investigation being am oebiasis, leishm aniasis, trypanosom iasis, m alaria, virus diseases, schistosom iasis and o ther helm inthic infections. John found tim e for personal research and decided to work on bacteriophage, a subject which had fascinated him for several years and ab o u t w hich, at th at tim e, very little was know n.
John Sm ith Boyd 45
Bacteriophage Jo h n Boyd w orked on bacterio p h ag e from 1946 until 1963. T h e re was still som e d o u b t as to w h eth er or n o t b acteriophage had any th erap eu tic action. U sing Salm onella typhim urium and strains of bacteriophage th a t he isolated from sewage or o b tain ed from Felix, he show ed th at it was im possible to sterilize eith er cu ltu res of the b acteriu m in the test tu b e or infections in the m ouse, even w ith m assive doses.
T h e im p o rtan t observations of A n d re Lwoff, F o r.M e m .R .S ., on lysogenesis in Bacillus megatherium w ere p u b lish ed in 1950 and fu n d a m entally altered th e tre n d of b acteriophage research. Boyd gave up isolating phages from sewage and began to collect strains of S . ty p h i murium from P ublic H ealth Service laboratories. T h e m ajority of the strains contained at least one sym biotic phage and these phages w ere divisible into tw o distin ct groups. T h e first, w hich he designated T y p e A, w ere active phages th a t p ro d u ced w ell-defined plaques on an indicator plate and w ere able to survive heating at 80 °C for 30 m inutes. T h e second (T y p e B) w ere less active, p ro d u ced small shallow plaques and were killed at 60 °C. W ith these phages he was able to p in -p o in t strains of S . typhim urium from h u m an infections, and the tech n iq u e was tested in collaboration w ith M . T . P arker of the P ublic H ealth laboratory in M anchester, on a large n u m b e r of cases. Lw off had show n th at a bacteriu m th at had becom e lysogenized w ith a specific phage was im m une to the action of v iru len t m u tan ts of th e same phage and of certain related phages. Boyd th o u g h t th at this p rinciple m ig h t explain the solid im m u n ity enjoyed by people w ho had recovered from attacks of yellow fever, poliom yelitis and o th er virus diseases; m ost of his later w ork was related to the elaboration of this idea.
H e found th at w hen a sensitive strain of S . typhim urium was exposed to a tem perate T y p e A phage in such a co n centration th at no b acteriu m was infected by m ore than one phage particle, not m ore than half of the bacteria were lysogenized. T h e rem ain d er w ere lysed, the phage develop ing by the productive cycle, w ith the liberation of a brood of tem perate phage particles. O n the o th er hand, if each b acteriu m was infected w ith several particles, m ost were lysogenized and only a small m inority were lysed-the 'm ultiplicity p h en o m en o n '. T h e lysogenized bacteria re m ained outw ardly norm al and, after a lag period, m u ltiplied and behaved in the sam e way as uninfected controls. He isolated a p erm an en t lytic m u tan t, incapable of pro d u cin g lysogenesis, from one of the tem perate A type phages. It invariably destroyed the bacilli it infected, liberating a brood of particles w ith the sam e lytic pro p erties as the parent; it was not possible to induce this m u tan t to revert to a lysogenizing phage. In the course of his work, Boyd isolated sim ilar lytic m u tan ts from eleven of the twelve A -type phages w hich he characterized, using cross-im m unity tests w ith pure phage suspensions and w ild strains of lysogenic bacteria. H e also found that harm less 'sym biotic' phages functioning as additional genes could be stim ulated by ultraviolet light to assum e virulence and destroy the host bacteria. H e concluded th at the phage particles of a tem perate phage were a m ixed brood, some being m ore generously endow ed w ith the p ro p erty of establishing lysogenis than others. L yso genizing particles were dom inant over lysing particles, thus offering an explanation of the m ultiplicity phenom enon-although this did not apply to all phage types. C ertain of the twelve A types were dom inant over others and were capable of evicting them and replacing the prophage of a bacterium that was lysogenized w ith another type. B oyd's last paper on bacteriophage related to the steps th at intervened betw een the p en etra tion of a bacterium by the phage D N A and its establishm ent as prophage. In a m em orandum w ritten in 1965 he speculated upon the parallels he sought betw een the behaviour of bacteriophage in producing im m unity in bacteria and the cellular im m unity produced by some hum an viral infections:
'T hese observations on lysogenesis are of interest in th at they serve as a m odel of a type of cellular im m unity w hich may have its co u n ter part in certain viral infections of m an. T h o u g h m ore com plicated, a good exam ple can be found in the behaviour of the yellow fever virus. T h e reservoir of infection of yellow fever as I see it, is the m osquito w hich has acquired the virus by biting a m onkey or a hum an being suffering from the disease. Some 12 days after this infected meal, the virus appears in the m o sq u ito 's saliva, and the insect becom es capable of tran sm ittin g the disease to susceptible subjects. N ev erth e less the infected m osquito appears norm al in every o th er way and survives as long as uninfected m osquitoes from the same batch of eggs. Recently infected m osquitoes have been shown to survive for 4 m onths. W hen an infected m osquito bites a susceptible hum an being (or m onkey) the virus attacks and m ultiplies in cells in w hich it can develop, principally, if not wholly, the epithelial cells of the liver; such cells as a result may be destroyed. In a very short tim e-some four to five days-antibodies appear in the p atien t's blood, and free virus is quickly neutralised. If, before this happens, destruction of liver cells has gone beyond a certain point, the patient dies. If not, the surviving cells rapidly m ultiply, regeneration of the liver occurs, and in a surprisingly short tim e the patient recovers. T h ereafter he enjoys life-long im m unity from fu rth er infection w ith yellow -fever virus. W hile thus im m une, his serum may or may not be capable of neutralising active y.f. virus: by im plication, therefore, im m unity exists in the absence of circu latin g antibody. (In subjects im m unised w ith atten u ated 17D virus, th e n eu tralisin g p ro p erties of the serum have been fou n d to fluctuate.) In te rp re tin g these facts on the assu m p tio n th a t the yellow fever virus functions and develops along the lines of th e bacterio p h ag e m odel, the follow ing p ictu re em erges. T h e infected m o sq u ito , norm al except th a t it p roduces a stream of virus particles, is the co u n te rp a rt of a cu ltu re of lysogenic bacteria. T h e virus, w hich it injects into the susceptible subject it bites, attacks the epithelial cells of th e liver. In som e, the invading particle undergoes p ro d u ctiv e dev elo p m en t, ultim ately d estroying the host cell and giving b irth to a bro o d of d au g h ter particles. In others, the virus particle " lysogenises" the cell-i.e. the D N A of th e virus becom es an additional gene attached to a cell chrom osom e, dividing w ith the chrom osom e w hen m ultip licatio n occurs, and so p e rp e tu a t ing itself in every d au g h ter cell. T h e presence of this " v iru s-g en e" , like prophage in a bacteriu m , confers im m u n ity to su b seq u en t attacks from the sam e virus. T h u s w hen recovery and liver reg en eration occur, the liver is com posed of cells w hich are im m une to yellow fever virus. Like the infected m osquito it is the co u n terp art of a cu ltu re of lysogenic bacteria. B ut the analogy can be carried fu rth er. In the cu ltu re of lysogenic bacteria th ere is, in rare individual bacteria, a breakdow n in th e balance betw een host and prophage. P roductive dev elo p m en t of th e phage ensues, and free phage p a r ticles are released into the im m ediate en v iro n m en t. A sim ilar se quence of events w ould account exactly for the circulating antibody in the m an who has suffered from yellow fever. T h e free virus from a cell in w hich pro d u ctiv e developm ent had occurred w ould quickly stim ulate antibody p ro d u ctio n and so account for the co n tin u in g though fluctuating an tib o d y co n ten t of th e p a tie n t's blood. Such antibody has been detected 75 years from the original infection-an interval w hich precludes any possibility of this antibody being residual from the original infection.
'T h is hypothesis accounts for the advantage w hich a living a t tenuated polio-vaccine enjoys over the killed Salk vaccine. It es tablishes a cellular im m u n ity w hich may well prove to be life-long, w hereas, as killed Salk vaccine does no m ore than stim ulate antibody p ro d u ctio n , repeated booster doses m u st be necessary to m aintain an adequate protective level. It is possible of course, given a fortu n ate coincidence of circum stances, th at a n atu ral infection w ith " w ild " virus, com ing at a tim e w hen circulating antibody was at a sufficiently low level, m ight produce a sym ptom less infection w hich w ould establish p erm an en t cellular im m unity.
'If these conclusion are valid, there are obvious advantages to be obtained from using atten u ated virus vaccines for all virus infections know n to give a solid life-long im m unity to su b seq u en t infection.
'T h e u.v. induction experim ents-not original as far as I am concerned -throw light on the sequence of events in herpes labialis. T h e virus w hich causes herpes, once acquired, is know n to constitute a perm anen t infection. If this is of the " p ro p h ag e" type, stim uli w hich " in d u ce" the provirus and ren d er it v irulent (i.e. destructive to the host cell) w ould be acting in ju st the same way as do u.v. rays w hen acting on a lysogenic culture of bacteria.
'T h e " m u ltip licity " phenom enon provides a satisfying explanation of the fam iliar " excessive dose" phenom enon encountered in certain experim ents aim ed at producing viral infection. In these experim ents heavy infection of the expected type followed the adm inistration of relatively small doses of virus, w hereas the injection of massive doses of virus produced no m ore than a light infection. T h is could be explained as resulting from the lysogenisation of the bulk of the susceptible cells instead of their d estruction by the lytic action of the virus.
'T h e superinfection experim ents may hold the key to th erapeutic m easures of a novel kind. Is it possible to find a harm less virus sufficiently potent to evict or replace a disease-causing one? Som e such result has already been found in m ouse leukaem ia, w here a lym phocytopaenic virus injected along w ith tu m o u r cells has failed to produce leukaemia.
'Som ething of this kind may also be the factor w hich has prevented yellow fever, well know n for centuries on the west coast of Africa, from spreading across the continent to the east coast. V ector m osquitoes (experim entally proved to be capable of carrying the virus) and apparently susceptible h um an beings abound. But are they susceptible? O r are they already infected w ith a m ore prevalent and related virus w hich either excludes the yellow fever virus or, m ore probably, renders the result of infection so trivial and inapparent th a t-as in the case of the attenuated 17D strain used for m aking vaccine-the blood concentration of free virus is insufficient to infect the m osquito?'
In addition to his own researches, John Boyd guided the w ork of his staff on basic studies on antiviral drugs, leptospirosis, schistosom iasis and other diseases, and the chem otherapeutic research th at led to the introduction of pyrim etham ine for use against m alaria, piperazine against threadw orm s and roundw orm s, and bephenium against hookw orm s. H e helped to establish fruitful cooperation betw een the W ellcom e F o u n d atio n 's laboratories in B ritain and A m erica, and strongly su p ported the principle that w orkers on tropical disease should spend some of their tim e in the tropics in o rd er to get first-hand experience of the problem s. In the course of the nine years of his directorship of the W ellcom e L aboratories of T ro p ical M edicine, the initial respect and ad m iratio n for his lead ersh ip -to u g h , vigorous, su p p o rtiv e and stra ig h t-developed into w arm affection and frien d sh ip .
H e was a w onderfu l chief-astu te and circum spect, inclined to co n servatism and not always easy to convince of a new course of action. 'I keep a com pletely open m in d , b u t . .. ' m eant th a t he needed tim e to work out th e consequences and th at it was useless to press the m atter. O nce he m ade up his m in d he was straig h t and tru e, and backed a decision, w herever it m ight lead w ith all his stren g th , w hich was form idable. F o r the occasional, inevitable disasters, he used the fam iliar 8th A rm y classification into 'S A B U s' and 'N A B U s' (self-adjusting and nonadjustable b u g g er-u p s). H e skilfully assisted the resolution of the form er; the latter he bore w ith patience, doing his best to m inim ize the dam age to all concerned. 'Sir Jo h n Boyd succeeded P rofessor T . R. Elliot as one of the two scientifically qualified W ellcom e T ru stee s. T h e choice of a scientific W ellcom e T ru ste e lies largely in the hands of the rem aining m em bers of the Board of T ru ste e s and especially in this case w ith the scientific m em bers of the Board. F o r such an ap p o in tm en t, Sir H en ry D a le 's opinion w ould have been d om inant. T h e fact th a t he chose Jo h n Boyd indicates the high esteem in w hich Boyd was held, bo th in the w orld of M edical Science and also the W ellcom e C om pany. 'A W ellcom e T ru ste e at th at tim e held a very d o m in an t position in the decision m aking about the fu tu re developm ent of the com pany as well as the disposal of the incom e of the T ru s t in S u p p o rt of M edical R esearch. Boyd was peculiarly well qualified to com plem ent D ale in this role. H e knew the C om pany from the inside and he had a w ideranging know ledge of m edicine and pathology as well as the tropical field. T h e T ru s t was, how ever, so d o m inated by D ale's personality th at it w ould have not been possible to alter the general tenor of this grow ing organization. Boyd therefore co n tinued w ith his research in the W ellcom e B uilding and devoted his efforts w ith the T ru s t to fostering its program m e of T ro p ical M edicine and m aintaining the research strength and image of the P harm aceutical com pany as a research based com pany. F or the latter task he had alm ost too intim ate a know ledge of the co m p an y 's affairs and this m ade it difficult for him to stand back from the personal problem s of individuals and visualise the grow th and developm ent required if the com pany was to p ro sp er on a new scale. H is intense loyalty to Sir H enry W ellcom e and some of his form er colleagues m ade him reluctant to accept changes aim ed at rationalizing the peculiar m ixed philanthropic-academ ic-business stru ctu re th at W ellcom e had created w ith M useum s of M edical Science and H istory interm ingled w ith research for its own sake and research to create and develop new products. It was his view th at it was his duty to preserve Sir H enry W ellcom e's wishes, and although D ale's attitu d e was som ew hat different, betw een them they w orked hard to retain the stru ctu re w hich H enry W ellcom e had w ished to create. Som e of the inevitable reorganisation of the com pany aim ed at increased efficiency was accepted w ith m uch reluctance by the T ru stees.
'In the field of T ro p ical M edicine, Boyd was also having to contend w ith a m ajor change. H is heyday in T ro p ical M edicine had been w hen the E m pire was at its zenith, w ith tropical research all over the globe su p p o rted by the Colonial Office. H e advised the G overnm en t and the A rm y and was intim ately know ledgeable about the wide scope of th eir activity. T h ere was no great need at th at tim e for a new policy. B ut then a gradual attritio n began to take place as the E m pire contracted and career op p o rtu n ities in the tropics disappeared. At such a ju n c tu re it was difficult to see w hat m ight take its place unless it was the new universities, and he gave great encouragem ent to people who undertook research in Ibadan, M akerere and the U niversity of the W est Indies, th ro u g h the su p p o rt of the W ellcom e T ru st.
'H e believed passionately in good research and once he had accepted a colleague or research work, his loyalty was unshakeable. Per contra, if he divined a weakness of character or intellect, he could develop a strong dislike. H e was in office durin g a period of attrition. T h in g s had not got so bad as to require drastic action by the W ellcom e T ru s t to replace the Colonial M edical Research System . N evertheless, he set the scene by passing on his great w isdom and love of rightness to the T ru s t, so th at its program m e could be developed after he retired.
'A fter he ceased to be a T ru stee he becam e Scientific A dviser betw een 1966 and 1968 , and attended the T ru s t daily to assist in the m anagem ent of its affairs. H e travelled to K enya and the W est Indies on behalf of the T ru st.
'H is devotion to S ir H en ry W ellco m e's ideals led to him giving very strong su p p o rt to D r P o y n ter as D irecto r of the W ellcom e In stitu te for the H isto ry of M edicine, and th erefo re the T ru s t spent considerable sum s on th e dev elo p m en t of the collections, th eir cataloguing and special exh ib itio n in m agnificent prem ises.
'In the 1960-62 rep o rt of the T ru s t th ere are obvious exam ples of Jo h n B oyd's influence in the su p p o rt for research on th e physiology of w ild anim als in U g anda, F oot and M o u th disease in K enya and a research library in N airo b i, and the b u ild in g for the E pidem iology U n it of the M R C in Jam aica.
'T h e w ork established d u rin g B o y d 's T ru ste e sh ip has show n the w isdom of his selection by the fru its th a t it has yielded. O ne of the m ajor developm ents of the tropical pro g ram m e was th e estab lish m ent of the W ellcom e U n it in Belem , Brazil, u n d er the d irection of D r R. L ainson. It w ould have been one of the greatest satisfactions of his life to know th a t the Royal Society has now elected L ainson to its F ellow ship.
'Sir Jo h n Boyd was an adm irable T ru ste e of S ir H en ry W ellcom e's W ill. H e fostered S ir H e n ry 's vision and helped th e T ru s t to develop its stren g th as the leading charity su p p o rtin g M edical R esearch in B ritain, and to form the fo u ndations of its now extensive program m e in and for the tropics.
'O f special in terest to the Royal Society was the T ru s te e s ' p ro vision of funds for its new prem ises in C arlto n H ouse T errace, and for the H enry D ale P rofessorship d u rin g B oyd's term as a T ru stee .
'H e was a kindly, u p rig h t m an greatly loved by all who gained his frie n d sh ip .' It was so m ething of a m ystery to m any of his friends th at, follow ing his m agnificent co n trib u tio n to the h ealth of the arm ed forces d u rin g W orld W ar II, he should have received no h ig h er distin ctio n th an the O .B .E. H is k n ig h th o o d of 1958 was late in com ing. P erh ap s his single-m inded su p p o rt for his un its in A frica and N o rm an d y and the pro b lem s he caused had left th e ir m ark on W hitehall; p erh ap s he was ju s t too successful. H is foresight in providin g p ro tectiv e inoculation against tetan u s and ty p h o id , the blood tran sfu sio n service, his effective dep lo y m en t of sulp h ag u an id in e for dy sen tery , and penicillin for w ound infections, and his collaboration w ith F airley in the prev en tio n of m alaria had m ade it look all too easy. H e was m uch too m odest to push, and was pleased w ith the recognition he eventually received. W ith characteristic fo rtitu d e he began to p u t his life together again. H e loved the birds in his garden. A blackbird came into his kitchen and dem anded scraps and th ere w ere always m ealw orm s for the robin th at cam e to perch on his hand. H e kept a catapult to deter m arauding cats from n eig h b o u rs' gardens.
H e d eterm ined to stay in the hom e w here he had been happy and busied him self w ith com m ittee work; he read his scientific jo u rn als and books of all kinds until his eyes began to fail-a disability th at fru strated and infuriated him , although he could still make a joke about it. 'At last' he said 'I have achieved one of my cherished am bitions-I can hit a golf ball out of sig h t'. H e eventually (and reluctantly) agreed th at it was hazardous to drive his car, b u t he continued to make his way to central L ondon to attend m eetings at the R A M C and the Royal Society of T ropical M edicine and H ygiene by public tran sp o rt, and w ithout assistance. H e was fiercely ind ep en d en t and it was difficult to help him if he once got the idea th at he was being a nuisance. It was necessary to use the excuse of a visit from one of his old friends, such as T ru d y Elion or G eorge H itchings, F o r.M em .R .S ., from the W ellcom e organization in A m erica to get perm ission to go and fetch him to enjoy a day out. B ut he was visited and cared for at hom e by M ary 's family, the M urp h y s, by m any neighbours and by his niece, M rs R. W . Begg who cam e from G lasgow to see him .
H e m ade use of, and enjoyed the "balking Book service and had a good collection of recorded m usic. H e loved the classics, especially Beethoven, b u t was very conservative and abhorred the m oderns, both in art and m usic. M odern artists w ere his p articular betes noires; he had form ed a dislike for their p roducts from his vantage point at M illbank, overlooking the collections in the T ate G allery. M o o re's sculpture was 'd efo rm ed ', Picasso was a 'rogue and a ch arlatan '. John had sim ilar conservative views in politics-he loved India and its peoples deeply and w ould som etim es argue, half in earnest, that the B ritish should never have left. 'T h ey w anted us to stay-it was all due to th at rabbit A ttlee'.
In 1976 he was persuaded to w rite up some of his m em oirs and, although his sight was poor, spent two years going th ro u g h his old diaries and w riting, in his neat, clear hand, a sum m ary of his experiences in India and in the two wars. Som etim es he had dizzy attacks and fell, in the house or the garden. H e w ould then spend a few days in the local C ottage H ospital to be patched up and recuperate and, as everyw here else, m ade firm friends of the m edical and n ursing staff who adm ired and loved him . He could joke even about this disability. H e always insisted on seeing his visitors down the steep path to the gate: 'Com e on the grass-I find it softer to fall o n '.
Efforts were m ade to persuade him to move to G lasgow to an institution in which he could be cared for. A fter a period of depressed hesitation he cheered up, having decided th at independence was his m ost precious possession and th at he w ould stay at hom e.
On 9 April 1981, to celebrate his n inetieth year, a Special M eeting was held in J o h n 's h onour at the Royal Society of T ropical M edicine and Hygiene. M any of his friends from the Society and from the A rm y were present and the occasion gave him im m ense pleasure.
In M ay he had another, serious, fall and for the very first tim e he lost heart. H e died on 10 June.
A M em orial Service was held for Jo h n Boyd on 15 O cto b er 1981 at the C helsea H ospital and addresses w ere given by S ir M ichael P errin , w ho had been C h airm an of the B oard of the W ellcom e F o u n d atio n , and by M ajo r G eneral M . H . P. Sayers, w ho was J o h n 's successor at the W ar Office.
'I stood at one tim e ' said M ajor G eneral Sayers, 'in the same relationship to S ir Jo h n as he stood to S ir W illiam L eishm an. I regarded him w ith th e sam e blend of awe and affection. H e too, as has been said so well of Sir W illiam , had the ou tw ard appearance of a soldier, yet spoke like a Fellow of the Royal S o ciety . ' 'If ever a m an happily h arm o n ised th e rival calls of M ars and A esculapius, it was Jo h n Boyd. M ay he rest in p eace.'
In 1965, w ith characteristic co n sid eratio n for his bio g rap h er, S ir Jo h n Boyd w rote a 54 page su m m ary of his life and work; the foregoing account owes m uch to these autobiographical notes. All his life he kept detailed diaries of his activities, beg in n in g w ith his voyage to R angoon in 1914. T h e diaries, to g eth er w ith sum m aries derived from them w hich Jo h n w rote in his latter years, are now preserved in the Royal A rm y M edical C ollege, M illbank. I am m ost grateful to C olonel J. B. S tew art, P rofessor of Pathology at the College, for h elping m e w ith these d o cu m en ts and for p roviding inform atio n on J o h n 's m ilitary career. I am also grateful to B rigadier D. S. P aton, M ajor G eneral M . H. P. Sayers and S ir R ichard B radshaw for th e ir help. Professor G ladw in B uttle and S ir G o rd o n W olstenholm e kindly p rovided first-h an d inform ation on the blood tran sfu sio n service. D r P. O. W illiam s helped w ith John B oyd's activities as a W ellcom e T ru ste e and D r D en n is Bidw ell, who w orked at the bench w ith him for m any years on bacteriophage, kindly assisted w ith the sections th a t deal w ith these researches.
T h e frontispiece p o rtra it was taken w hen Jo h n Boyd was elected P resid en t of the Royal Society of T ro p ical M edicine and H ygiene in 1957.
